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What is tipping?
Tipping is the phenomenon of rapid reorganization 

of a system in response to small changes in 
environmental conditions.

Bastiaansen 2022



3

Nature
Tipping in shallow lakes

Photo credit: IISD Experimental Lakes Area (IISD-ELA)
Icon credit: Surang (Flaticon)
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Nature
Tipping in shallow lakes

waste (nutrient load) 

Photo credit: IISD Experimental Lakes Area (IISD-ELA)
Icon credit: Surang (Flaticon)
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Theory
Tipping in simulations of ODEs
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What is cascading tipping?
Cascading tipping is the phenomenon of rapid 

reorganization of individual sub-domains of the 
system with multiple points of return.
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Nature
Algae bloom at Lake St. Claire

NASA Earth Observatory images by Joshua Stevens
using Landsat data from the U.S. Geological SurveyCaption: Kathryn 

Hansen
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Nature
Algae bloom at Lake St. Claire

NASA Earth Observatory images by Joshua Stevens
using Landsat data from the U.S. Geological SurveyCaption: Kathryn 

Hansen

“phosphorus from farm runoff 
combined with favorable weather 
and lake conditions to produce a bloom 
three times larger than previously 
observed”
- NASA 2015
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Algae bloom at Lake St. Claire
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NASA Earth Observatory images by Joshua Stevens
using Landsat data from the U.S. Geological SurveyCaption: Kathryn 

Hansen
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NASA Earth Observatory images by Joshua Stevens
using Landsat data from the U.S. Geological SurveyCaption: Kathryn 
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NASA Earth Observatory images by Joshua Stevens
using Landsat data from the U.S. Geological SurveyCaption: Kathryn 
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Dominos
Cascading tipping example
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Subdomains of the system, z1 … z5
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Cascading tipping example
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Dominos
Cascading tipping example
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Subdomains of the system, z1 … z5

Control parameter
(increasing force acting on all subdomains of the system)
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Theory
Cascading tipping in simulations in PDEs
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Cascading tipping in simulations in PDEs
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Pitfall
Spatially heterogeneous bi-stability can look very 
similar to spatially homogenous multi-stability 
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z2
z1

Bi-stable lake: clear vs turbid Tri-stable lake: clear vs turbid vs sulfur
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FASTFAST

If the “lake” systems react fast
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SLOWSLOW

z2
z1

If the “lake” systems react slow
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SLOWSLOW

z2
z1

How to tell them apart?



Cascading tipping in networks
Using networks as a proxy for modular systems



40 Photo credit: The Landing HOA
Data: The Network Data Repository with Interactive Graph Analytics and Visualization
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Data: The Network Data Repository with Interactive Graph Analytics and Visualization

random 
edge rewire
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Assortativity 
Coefficient

Clustering 
Coefficient

Modularity Transitivity Betweenness 
Centrality

Eigenvector 
Centrality

Closeness 
Centrality

-0.570 0.027 -0.006 -0.269 -0.099 -0.400 -0.173

Linear Regression Model
X … Network properties
y ... Euclidean distance to original tipping shape
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Phenomenon of 
growing hysteresis

Just like we saw in the dominos example, the effect of 
hysteresis can cascade through the system.
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Outlook
a. How to use this for early warning signal analysis? 

b. How to find appropriate diffusion equations?
c. Better describe the phenomenon of growing 

hysteresis.
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